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trointestinal endoscopy were performed only when indicated by clinical signs or histological characteristics of the brain lesion.
The number and location of brain metastases were recorded from imaging data and official reports. Other pertinent information, such as clinical symptoms on presentation, treatment modalities implemented, and interval from initial diagnosis of primary tumor to presentation, were recorded. Concerning the primary tumor, its location, histological features, and treatment as well as any accompanying systemic disease at the time of presentation, were recorded. Patients with evidence of extracranial metastases were included in all analyses.
The appropriate treatment for each patient was discussed in a multidisciplinary setting with the participation of neurosurgeons, neurologists, neuropathologists, and oncologists. According to generally accepted guidelines, the treatment plan was significantly influenced by the expected survival period for each patient as reflected by the performance status, number of brain metastases, and the level of control of the primary disease. 2, 11, 14, 15, 27, 30, 36, 39 For patients with multiple brain lesions who did not meet surgical criteria, WBRT was administered unless their clinical status was so poor that palliative treatment with steroids alone was advocated.
Follow-up data were collected from hospital charts, outpatient clinic records, and consultation with general practitioners who monitored patients after discharge. Due to the unavailability of KPS scores in all patients, the discharge destination (home as opposed to another hospital or nursing home) was used as an approximation of performance status. Furthermore, discharge to hospice care, whether at home or in a nursing facility, was coded as "discharge to hospital or nursing home." Survival was calculated from the time of the first diagnosis of cerebral metastases to death or to the last date seen alive if the patient was still alive at the time of analysis. Patients lost to follow up were censored once lost.
When comparing continuous and categorical variables between two groups of interest, the chi-square and Kruskal-Wallis tests were used, respectively. 3, 6 For explorative purposes, a multivariate logistic regression 4 was performed to compare simultaneously all characteristics of interest between patients in the UDP group and those in the DP group. The Kaplan-Meier method 17 was used to estimate survival experience. A univariate comparison of survival was performed using the log-rank test. 31 The standard error of survival percentage at any specified point in time was computed according to the Greenwood method. 16 Univariate and multivariate analyses of overall survival were performed applying the Cox model. 7 Results of survival comparisons in those with a UDP lesion relative to those with a DP tumor are reported in terms of HRs, their 95% CI, and corresponding probability values. A significant HR greater than 1 is interpreted as evidence of better survival for those in the DP group and vice versa for a significant HR less than 1. In all regressions, the variables describing patient characteristics in this report were considered and appropriately coded in terms of binary indicators. To arrive at a final model, backward stepwise selection was used, with variables entering the model if their probability value was less than 5% and leaving the model if the value was greater than 10%. All reported probability values are two sided. In this study, we observed 306 treatment failures in a group of patients among whom approximately two thirds had a DP lesion and one third a UDP tumor. For a significance level of 5% (p Ͻ 0.05), we were in a position to detect an HR of magnitude 1.45 or larger with 90% power. All statistical analyses were performed using the Stata computer package (StataCorp, LP).
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RESULTS
Between January 1983 and December 1998, 345 patients presenting with cerebral metastases were admitted to our institution for evaluation. Three patients were excluded from the study because they were referred for stereotactic biopsy and subsequently discharged for further treatment at their primary institutions, leaving 342 patients for analysis. One hundred twenty-two patients (36%) made up the UDP group, and 220 (64%) the DP group.
Patient Characteristics
Patient characteristics on first presentation with brain metastases have been previously reported 2 and are sum- ‡ Primary locations include bladder, uterus, thyroid, lymphoma, soft tissue, and epidermoid of ear, nose, and throat. marized in Table 1 . Characteristics of patients with UDP and DP lesions were found to be statistically similar with respect to sex, age, treatment, and number and location of brain metastases. A statistically significant difference was demonstrated in the origin of the primary tumor: patients in the UDP group more frequently presented with lung metastases than did those in the DP group (60% compared with 43%, respectively; p = 0.001). The presence of systemic metastases at the time of presentation, although statistically different between the two groups on univariate analysis (p = 0.013), was not confirmed by multivariate logistic regression. 1 Resection and WBRT were performed in 107 patients (31%), who were in good general condition with a controlled primary tumor. This treatment group included 97 patients with a single metastasis and eight patients with two lesions reachable via the same craniotomy. In two cases, a single symptomatic lesion causing significant neurological deficit was removed in the setting of multiple metastases. Radiosurgery was performed in addition to WBRT in 19 patients (5.6%). This group included nine patients treated for a single lesion, four treated for two lesions, and six in whom the most symptomatic lesion was treated in the setting of multiple metastases. Whole-brain radiotherapy was administered in 147 patients (43%), whereas palliative steroid treatment alone was advocated in 69 patients (20%). These data are presented in Table 2 .
Follow up evaluation from presentation until the time of death was performed in 306 patients (89%), 21 (6%) were still alive at the time of final data analysis, and 15 (4%) were lost to follow up.
Prognostic Factors
In the entire population, results of multivariate analysis demonstrated a statistically significant effect on survival for the following prognostic factors: treatment (p Ͻ 0.0001), age less than 65 years (p = 0.004), discharge home (p Ͻ 0.001), absence of systemic metastasis (p = 0.036), and asymptomatic cerebral metastasis (with respect to all other clinical presentation together, p = 0.05). The diagnosis of primary lung disease significantly influenced survival and increased the risk of death with respect to all other sites of origin (p = 0.001). Overall median survival of the entire population was 5.2 months, with 1-, 2-, and 3-year survival rates of 25, 11, and 4%, respectively.
Duration of Survival
The median survival period in patients in the UDP group was 6 months, with 1-, 2-, and 3-year survival rates of 29, 17, and 6%, respectively. The median survival in patients in the DP group was 4.5 months, with 1-, 2-, and 3-year survival rates of 23, 8, and 3%, respectively. Univariate analysis data failed to demonstrate a significant difference between the survival experience of patients in the UDP group and those in the DP group (HR = 1.22, 95% CI 0.96-1.55, p = 0.097). Multivariate analysis data confirmed this lack of difference in survival (HR = 1.18, 95% CI 0.91-1.54, p = 0.213). Survival comparisons for the UDP and DP groups are illustrated in Fig. 1 and summarized in Table 3 .
Among patients in the UDP group, survival did not differ according to whether the primary tumor was eventually found or remained unknown (p = 0.905; Fig. 2 and Table 3 ). A trend toward longer survival was noted when systemic disease was absent, although this difference did not reach statistical significance (p = 0.03). Among patients in the DP group, the duration of time between the diagnosis of the primary tumor and that of brain metastases did not significantly influence survival. This result was confirmed, in the presence of other factors, by a multivariate regression for survival in this subgroup of patients (p = 0.153). When analysis was restricted to only those with UDP lesions and favorable prognostic indicators (32 patients; discharge home, absence of extracranial metastasis, and treatment with surgery plus WBRT or radiosurgery plus WBRT), a median survival of 13.7 months was observed (Fig. 3) . The leading cause of death in the majority of patients was systemic disease progression.
DISCUSSION
Data in this study failed to demonstrate a statistically significant difference in survival between patients in whom brain metastases were the first indication of a previously undiagnosed primary tumor and those presenting
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Brain metastases from an undiagnosed primary tumor 3 with brain metastases from a known primary lesion. Furthermore, eventual identification of the primary tumor did not affect overall survival. Favorable prognostic factors in the entire population of patients with newly diagnosed brain metastases included treatment modality, age less than 65 years, discharge home, absence of systemic disease, and asymptomatic presentation. The diagnosis of primary lung cancer significantly influenced survival and increased the risk of death with respect to all other primary sites.
A clear understanding of the definition of a patient with a UDP lesion is critical to interpretation and a comparison of these results with those in other similar series. Several authors have grouped together patients whose brain metastases were the first symptom of a tumor discovered at diagnosis and patients whose primary tumor remained undetected after a thorough investigation. 8, 10, 24, 34, 38 Other authors have required extensive clinical investigations over a specific period of time before a patient can be classified as having an undiagnosed primary lesion. 4, 22, 26 Still other investigators do not clearly establish the period of time after which a patient is defined as having an undiagnosed primary lesion, 8, 12, 24, 33, 34 thus making results across studies difficult to compare. 4 In the current study, patients in the UDP group were classified in terms we believe to be clinically relevant to the practicing neurosurgeon and neurologist: patients were assigned to the UDP group if they first presented with brain metastases due to a previously undiagnosed primary tumor. This classification takes into account the observation that patients fitting this description are more likely to present first to a neurosurgeon or neurologist rather than an oncologist because of clinical symptomatology originating from the brain. 32 This definition also takes into consideration previous findings that a significant number of patients with UDP lesions either will have primary lung disease or remain undiagnosed despite expensive and time-consuming clinical investigations. 1, 24, 33, 38 Applying this classification algorithm, we studied data from 342 cases to determine whether patients in whom brain metastases were the first presentation of a previously UDP tumor have a better chance of survival than similar patients with a known primary lesion. Despite the fact that patients with UDP lesions had a higher overall functional status and were more likely to be discharged directly home after treatment, 1 a statistically significant difference in survival was not observed. These results support the findings of a recent retrospective series in which the authors studied 916 patients who had been treated at a single institution for newly diagnosed brain metastases. 4 In this report, 47 patients (5.1%) presented with cancer of previously unknown origin, whereas 869 patients (94.9%) presented with a known primary diagnosis. The median survival in patients with disease of previously unknown origin was 4.8 months and showed no significant difference compared with the overall survival of 3.4 months for patients with brain metastases and previously diagnosed primary disease. Actuarial survival rates for those with cerebral metastases and previously undiagnosed primary disease were 26 and 5% at 1 and 2 years, respectively, which are rates that compare favorably with findings in the current study.
In a retrospective study by Nguyen et al., 26 a significantly higher median overall survival rate of 13.4 months was demonstrated in a select group of patients with brain metastases in whom the primary tumor remained undetected despite extensive clinical evaluation. By the authors' definition, patients in whom either the primary site was found or extracranial metastases were discovered within 2 months of the brain metastases were completely excluded from analysis. The authors asserted that the more favorable prognosis in those with a UDP lesion was most likely due to the absence of extracranial disease and that the primary occult tumor posed no immediate threat to survival. Similarly, a median survival of 15 months was demonstrated in a select group of 15 high-functioning patients (median KPS Score 90) with brain metastases from an unknown origin after treatment with radiosurgery. 22 In the present study, patients were included if no primary lesion was detected in the first 3 months after diagnosis, despite an extensive evaluation including chest radiography; CT scan of the chest, abdomen, and pelvis; and gastrointestinal endoscopy. Poor prognostic factors included the location of metastases in the brainstem and the presence of extracranial disease. For comparison, we performed a subgroup analysis restricted to patients with UDP lesions and favorable prognostic factors. In this population, a median survival of 13.7 months was observed, suggesting that longer survival can be seen in a select subgroup of patients with UDP lesions.
In the current study, the eventual identification of a primary lesion in patients with UDP lesions did not affect overall survival. This result supports recent findings by Ruda et al., 33 who prospectively studied 33 patients with brain metastases from an unknown primary site that remained unknown after initial diagnostic exploration. Gross-total resection and WBRT were performed in 26 patients (79%), and the median overall survival was 10 months. After treatment, the primary diagnosis remained unknown in 18% of patients (six of 33) and was found to be lung cancer in the remaining cases. Moreover, eventual primary diagnosis did not significantly affect survival. Therefore, the authors concluded that a costly and extensive evaluation for an undetected primary tumor may not be appropriate during follow-up evaluation until more effective cancer therapy is available. 24, 33, 38 Due to the retrospective nature of the current study, the KPS score was not available in all patients. As a surrogate measure, the discharge destination (home as opposed to another hospital or nursing home) was used as an approximation of performance status. To minimize error introduced by this methodology, discharge to hospice care, whether at home or in a nursing facility, was coded as "discharge to hospital or nursing home." Results of the current study should be interpreted with this methodology in mind.
CONCLUSIONS
Data regarding the prognosis of brain metastases from an undiagnosed primary tumor are scattered throughout the literature. 8, 13, 19, [21] [22] [23] [24] 26, 28, 34, 37 Given that projected survival heavily influences treatment selection, it is important to determine whether brain metastases in patients with UDP lesions have a different prognosis from cerebral metastases in those with DP lesions.
Our results suggest that once a patient presents with brain metastases, overall prognosis is not affected by previous knowledge of a primary tumor. Furthermore, delaying treatment intervention in pursuit of a primary diagnosis may not be appropriate as the eventual identification of a primary lesion has not been shown to influence prognosis. Survival beyond 1 year can occur in patients with more favorable prognostic factors at the first diagnosis of brain metastases; however, when a practical and clinically applicable definition of a patient with an "undiagnosed primary lesion" is used, the prognosis in this population is no different from the prognosis in the overall population with brain metastases. 
